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ABSTRACT 
Improved inorganic-organic separators developed by NASA were 
commercially prepared. A s i ng le -p l y  asbestos subs t ra te  was 
developed, as we l l  as a l t e r n a t i v e  substrates based on c e l l u l o s e  
and on polypropylene f i be rs .  
The s ing le -p l y  asbestos was bound w i t h  b u t y l  rubber and was 
f u n c t , a n a l l y  s i ~ p e r i o r  t o  the  fo rmer ly  used polyphenylene oxide 
satuvctad sheet. C e l l u l o s i c  paper and nonwoven polypropylene 
were both saturated w i t h  pigmented mixtures s i m i l a r  t o  t he  
aqueous b a r r i e r  coat ings. 
Solvent-based coat ings and aqueous analogs were app l ied  f i r s t  
on labora tory  handsheets and then on coa t i ng  machines. Buty l  
rubber and thermoplast ic  rubber emulsions were used as binders 
f o r  the  aqueous coat ings. 
Commercially prepared separators e x h i b i t e d  b e t t e r  measured 
separator proper.t ies than the  NASA standard. Cycle l i f e  i n  
Ni/Zn and Ag/Zn c e l l s  was r e l a t e d  t o  substrate,  decreasing i n  
t h e  order: asbestos > c e l l u l o s e  paper > nonwoven polypropylene. 
The cyc le  l i f e  o f  solvent-coated separators was b e t t e r  than aqueous 
i n  Ni/Zn c e l l  s, wh i l e  aqueous coat ings were b e t t e r  i n  Ag/Zn c e l l  s. 
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SUMMARY 
The commercial p repara t ion  o f  improved inorganic-organic separators 
f o r  a l k a l i n e  b a t t e r i e s  developed by NASA was undertaken, and i s  
the  sub jec t  o f  t h i s  repor t .  Development of a  s ing le -p l y  asbestos 
subs t ra te  and o f  a l t e r n a t i v e  substrates based on c e l l u l o s e  and 
polypropylene ' ibers were pursued. App l i ca t i on  o f  solvent-based 
coat ings on th?*sL5 zzks*-rates, and development and a p p l i c a t i o n  o f  
aqueous bas;*ieti. coaeings were a l so  achieved. 
A f u e l  c e l l  grade asbestos sheet was made on a  c y l i n d e r  machine, 
us ing  a  b u t y l  rubber emulsion as the  b inder .  This  base was func- 
t i o n a l l y  super io r  t o  t he  fo rmer ly  used asbestos sheet which was 
saturated w i t h  polyphenylene oxide. A c e l l u l o s e  base paper saturated 
w i t h  pigmented systems s i m i l a r  t o  the  NASA coat ings proved t o  be a  
s u i t a b l e  coat ing  base w i t h  good po ros i t y .  Nonwoven polypropylene 
webs t r e a t e d  t o  make them wet tab le  a l so  were made and b a r r i e r  coated. 
NASA solvent-based coat ings were app l i ed  on continuous coa t i ng  
machinery. The o r i g i n a l  K19W1 fo rmu la t i on  coated w e l l ,  b u t  
produced separators w i t h  h igh  e l e c t r i c a l  res is tance.  Formulations 
w i t h  improved low res is tance,  t y p i f i e d  by K158, requ i red  great  
care i n  app l i ca t i on  t o  minimize the  tendency t o  form cracks 
du r ing  dry ing.  High propor t ions  o f  very f i n e  p a r t i c l e  s i z e  p ig -  
ments appear t o  be the  cause o f  the  cracking. 
Aqueous analogs o f  the  solvent-based coat ings were a lso  evaluated, 
us ing  b u t y l  rubber l a t e x  as the  b inder .  This made low cos t  
coat ings which provided b a r r i e r  p rope r t i es  s i m i l a r  t o  t he  so lvent  
coat ings. The p a r t i c u l a r  emulsion b inder  used most ex tens ive ly ,  
f o r  economic rezsons, d i d  cause b lock ing  problems because o f  i t s  
softness and f l ow  c h a r a c t e r i s t i c s .  Thermoplastic rubber, which 
combined ox ida t i on  res is tance and low b lock ing  tendency was no t  
a v a i l a b l e  i n  emulsion form. So lu t ions  o f  thermoplast ic  rubber 
were success fu l l y  emu ls i f i ed  and compounded. C o l l o i d a l  problems, 
now be l ieved t o  be solved, r e s t r i c t e d  machine coa t i ng  work t o  
sho r t  yardages. 
Commercially-prepared separator ma te r i a l s  behaved i n  the  f o l l o w i n g  
manner: 
1) Measured separator p rope r t i es ,  p a r t i c u l a r l y  r e s i s t i v i t y ,  
were improved when compared t o  t h e  NASA solvent-based 
separators. 
Limited NASA testing of barr ier  separators showed better cycle 
l i f e  in nickel-zinc ce l l s  when barrier coatings were on asbestos 
rather than cel lulose or polypropylene. Nevertheless, the 
Kimberly-Clark permanently wettable propylene absorber separator 
used as a coating base for  the above (when used as an absorber 
only),  showed cell  l ives in excess of 6,000 cycles during one and 
one-half years of testing in nickel -cadmium ce l l s .  
Sol vent-based coating showed better cycle l i f e  than aqueous 
coatings in nickel-zinc cel I s ,  while aqueous coatings were 
bet ter  in s i  lver-zinc ce l l s .  
INTRODUCTION 
A research program t o  develop improved a1 k a l i n e  b a t t e r i e s  was 
undertaken by NASA Lewis Research Center i n  1973. One aspect 
o f  t h i s  program was concerned w i t h  an i norganic-organic ( I / O )  
separator system o r i g i n a l l y  described i n  a pa tent  issued t o  Astro- 
power Corporat ion (Ref. 1). The separator was designed t o  prevent 
z i n c  dendr i te  penet ra t ion  through the  separator,  t he  dendr i tes 
be ing  the pr imary cause o f  i n t e r n a l  e l e c t r i c a l  shor ts  i n  secondary 
a1 k a l  i ne z inc  systems. NASA improved thiz f 1 e x i  b i  1  i t y  o f  these 
separators by re formula t ing  the  dendr i te  b z r r i e r  coat ings and 
u t i l i z e d  a thermoplast ic  elastomer as the  pr imary b inder  (Ref. 2). 
I n  add i t i on ,  improvements i n  t h e  a v a i l a b l e  asbestos substrates 
f o r  these coat ings were needed, bo th  i n  u n i f o r m i t y  and cost .  
Th is  coupled w i t h  the  increas ing  concern over t he  hazards o f  
asbestos l e d  t o  a search fo r  o ther  substrates as c a r r i e r s  f o r  
dendr i t e  b a r r i e r  coat ings. Another area demanding improvement 
was the  coat ing  composit ions, many o f  which contained ch lo r i na ted  
solvents.  The r e l a t i v e l y  heavy coat ings l e d  t o  vapor emissions 
which exceed government res t r ' i c t ions ,  i n  a d d i t i o n  t o  in t roduc ing  
h igh  costs. 
The Munising Paper D i v i s i o n  of Kimberly-Clark (now c a l l e d  Munising 
Paper Company, a D i v i s i o n  of Kimberly-Clark Corporat ion),  s p e c i a l i s t s  
i n  saturated and coated papers, was awarded Contract  NAS3-20583 t o  
a t t a c k  these problems. One pr imary o b j e c t i v e  o f  t h i s  con t rac t  was 
t o  develop o ther  substrates as a replacement f o r  asbestos t o  ca r r y  
dendr i t e  b a r r i e r  coat ings. Another was t o  modify the  solvent-based 
separator coat ing  formulat ions f o r  c o m p a t i b i l i t y  w i t h  aqueous 
systems. Another goal was t o  a s s i s t  i n  t he  development o f  dendr i te  
b a r r i e r  separator composites f o r  a l k a l i n e  b a t t e r y  c e l l s  having 
improved cyc le  l i f e  and performance c h a r a c t e r i s t i c s .  Seeondai-y 
goals o f  the  con t rac t  were t o  improve the  q u a l i t y  o f  the  asbestos 
subs t ra te  and t o  demonstrate commercial p roduct ion  f e a s i b i l i t y  
o f  solvent-based separators. 
The work was d i v ided  i n t o  f i v e  tasks o r i g i n a l l y ,  and expanded t o  
s i x  i n  Mod i f i ca t i on  I dated November 30, 1977. The tasks were as 
fo l l ows  a f t e r  Mod i f i ca t i on  I was introduced: 
Task I F i l l e d  Ce l l  ulose F iber ,  Mineral  F ibe r  and P o l y o l e f i n  
F iber  Webs 
Task I1  Coating Systems 
Task I11 Foam and ~ i c r o c e l l u l a r  Coatings (deleted i n  i t s  
e n t i r e t y  under M o d i f i c a t i o n  I) 
Task I V  Calendering ( Incorporated i n  t he  process f o r  Tasks 1-11) 
Task V Es tab l i sh ing  Optimum Processing C a p a b i l i t y  f o r  Separators 
Task V I  Report ing Requirements 
Task V I I  Qua1 i t y  Assurance 
The vas t  m a j o r i t y  o f  the  work was done under Tasks I, 11, and V. 
The experimental  work i s  therefore repor ted  here under sub jec t  
headings based on these tasks. Development o f  substrates and 
coat ings f o r  t he  substrates were the  two major areas o f  e f f o r t .  
Because a f a i r l y  l a rge  number of d i f f e r e n t  coat ings were evaluated, 
t he  coat ings are  subdivided i n t o  so lvent  and aqueous va r ia t i ons .  
Most o f  the  e l e c t r i c a l  eva lua t ion  of t h e  experimental separators 
was done a t  t he  Lewis Research Center. A l l  t e s t  c e l l s  were pre- 
pared and cyc led  by NASA. Results o f  t e s t  c e l l s  repor ted  here 
were prov ided by NASA. 
RESULTS AND OISCUSSION OF RESULTS 
Substrate Design 
A. Asbestos Sheets 
t h e  asbestos base sheet used by NASA a t  the  t ime t h i s  
con t rac t  was i n i t i a t e d  was made on a c y l i n d e r  machine 
from fou r  p l  i es o f  fuel  c e l l  grade asbestos. Cyl inder  
machines are paper machines which form a web against  
a c y l i n d e r  covered w i t h  a w i r e  screen, nnd c a r r y i n g  
a p a r t i a l  vacuum t o  speed the  f l o w  o f  water t h ~ o u g h  
the  w i re  from a pu lp  s l u r r y .  General ly  webs are  formed 
on several such cy l i nde rs  and j o ined  wh i l e  wet t o  form 
heavier  sheets (See Ref. 3). No b inder  was used, and 
t h e  sheet was extremely weak. I n  order  t o  improve the  
s t rength  t o  make coa t i ng  poss ib le ,  t he  fou r -p l y  sheet 
was saturated w i t h  2% polyphenylene oxide (PPO) from 
solvent .  The PPO was found t o  be concentrated near t he  
surfaces of t he  sheet, which i s  c h a r a c t e r i s t i c  f o r  t h i c k  
sheets impregnated w i t h  res ins  i n  so lu t i on .  As a r e s u l t  
o f  t h i s  m ig ra t i on  t o  the  sheet surfaces, l i t t l e  b inder  
remained a t  the  i n t e r f a c e  between p1 ies .  There was a 
s t rong tendency f o r  p l y  separat ion when t h i s  asbestos 
sheet was immersed i n  e l e c t r o l y t e .  
To overcome the  weakness o f  m u l t i - p l y  asbestos sheets, 
a program was undertaken t o  make 7-mil  (0.18 mm) asbestos 
sheet i n  a s ing le  p l y .  An a d d i t i o n a l  goal was e l im i r i a t i on  
o f  t he  c o s t l y  impregnation step. For many years asbestos 
sheets have been made w i t h  rubber l a t e x  b inders added t o  the 
water-d i  spersed pu lp  before sheet format ion (Ref. 4). The 
reac t i ve  nature o f  t he  asbestos f i b e r  surface al lows the  
easy depos i t ion  o f  many l a t e x  polymers, even a t  h igh  
d i  1 u t ion .  When b inders are app l i ed  t o  f i b e r s  i n  t h i s  
way, there  i s  no m ig ra t i on  problem, even when very 
t h i c k  sheets are formed. 
To choose a b inder  f o r  asbestos separators, a prime 
cons idera t ion  i s  the  res is tance t o  ox ida t i on  i n  concen- 
t r a t e d  potassium hydroxide so lu t ions .  Most elastomers 
conta in  many 01 e f i  n i  c  bonds and have poor ox ida t i on  
res is tance as a r e s u l t .  O f  t he  r e l a t i v e l y  few saturated 
rubbery polymers, bwty l  rubber was chosen as the  bes t  
candidate because i t  was a v a i l a b l e  commercially i n  
emulsion form and a t  a reasonable p r i c e .  The p a r t i c u l a r  
b u t y l  rubber which was a v a i l a b l e  as an emulsion was 
r a t h e r  s o f t  and l e d  t o  s t i c k i n g  problems on the  forming 
wire.  The l e v e l  of b inder  concentrat ion was he ld  t o  5% 
o f  the f i b e r  weight t o  reduce t h i s  tendency. 
The i n i t i a l  handsheets were prepared ~ i t h  a f u e l  c e l l  
grade o f  c h r y s o t i l e  asbest.os. The pu lp  was dispersed 
i n  a g a l l o n  s i z e  Waring b lender us ing 5 grams o f  asbestos 
i n  300 m l .  o f  water. A f te r  t he  pu lp  was f i b e r i z e d ,  
0.125 grams o f  Tamol 731 d ispersant  s o l i d s  were added, 
fo l lowed by 0.25 grams o f  But,yl Latex 100 (BL-100) 
st l l ids. The composit ion o f  these ma te r ia l s  and t h e i r  
manufacturers are given i n  Table I, along w i t h  a1 1 the  
o ther  commercial products used i n  t h i s  p r o j e c t .  Drainage 
i n  the  sheet mold was speeded by us ing vacuum. Sheets 
were pressed between b l o t t e r s  a t  125 p s i  (0.86 MPa) w h i l e  
s t i l l  on the  wire,  then s t r i p p e d  and d r i e d  on a steam- 
heated drum. 
Work cisne w i t h  the  handsheets o f  beater - t rea ted  asbestos 
(BTA) was successful  enough t o  warrant  a p roduct ion  
t r i a l .  The t r i a l  was made on a c y l i n d e r  machine a t  
Quin-T Corporat ion, us ing  on l y  a s i n g l e  mold t o  avo id  
weakness along p l y  l i n e s .  The f i b e r  used was f u e l  
c e l l  c h r y s o t i l e  which had p rev ious l y  been processed 
i n t o  sheet form. It had a l ready been re f i ned ,  and 
contained adequate d ispersant  so t h a t  f u r the r  add i t i ons  
were no t  desi rable.  ( A  working supply o f  s ing le -  
p l y  ETA was success fu l l y  manufactured, t o t a l i n g  approxi-  
mately 1300 square yards.) I n  t he  operat ion o f  t he  
c y l i n d e r  machine there  was necessar i l y  a g reat  deal o f  
pumping, spraying, and cascading o f  the  pu lp  s l u r r y .  
The b u t y l  l a t e x ,  which was pre fer red  because o f  the  
chemical res is tance o f  t he  polymer, had a tendency 
t o  foam. The foam l e d  t o  some loss  o f  u n i f o r m i t y  i n  
sheet format ion and st rength.  
A s i m i l a r  product ion t r i a l  was made using a lower cos t  
e l e c t r i c a l  grade o f  asbestos f i b e r ,  Paperbestos #5. Because 
c e l l  t e s t s  w i t h  handsheets made from e l e c t r i c a l  grade 
pu lp  gave i n f e r i o r  r e s u l t s ,  t he  product ion  t r i a l  sheet 
was not  u t i l i z e d  i n  p i l o t  coa t i ng  runs, Physical proper- 
t i e s  o f  the  product ion sheets a,re l i s t e d  i n  Table I1 
measured by TAPPI standard tes ts .  
Two cornrnercially a v a i l a b l e  asbestos sheets from Manning 
Paper Company were a l so  evaluated i n  p i l o t  coat ing  work. 
Both grades, Mannitemp 111 and Mannitemp 172, were made 
w i t h  e l e c t r i c a l  grade c h r y s o t i l e .  Mannitemp 111 contained 
some glass f i b e r  and Mannitemp 172 contained some c e l l u -  
lose  f i b e r ,  and both used an a c r y l i c  b inder .  These sheets 
had good st rength.  I n  a d d i t i o n  t o  the  ox id i zab le  c e l l u l o s e  
and a c r y l i c  b inder ,  the  e l e c t r i c a l  grade asbestos i n t r o -  
duced about tw ice  as much i r o n  as the  f u e l  c e l l  grade 
asbestos. These products a re  no longer a v a i l a b l e  because 
o f  hea l th  hazards associated w i t h  asbestos. 
TABLE I .  COMMERCIAL PRODUCTS UTILIZED IN SEPARATORS 
Trade Name 
Tamol 731 
Butyl Latex 100 
Mannitemp 111 
Manni temp 172 
Me1 tblown Polypropylene 











Uni tane 0-1 10 











El van01 71 -30 
Gulf PA-18 
Strodex PK-90 
Ul trawhi t e  90 
4 Surlyn 56220 
S~dium S a i t  of a Carboxylate 
Polyelectroiyte 




H i  gh Density Polyethyi ene Fiber 
Thermoplastic Rubber 
Polyphenylene Oxide 
Epoxi d i  zed Soybean O i  1 
Polymeric P las t i c ize r  
Fumed Si 1 i con Dioxide 
Lead Titanate 
Natural Cal ci  um Si 1 i cate  
Magnesium Titanate 
Calcium Z i  rconate 
Kaolin Clay 
Ti tani  urn D i  oxide 
Ti tmi  um D i  oxi de 
Polyacryl a t e  Emu1 s i  on 
100 Mesh White Pine 
Lead Zirconium Ti tanate  
Calcium Zirconium Si 1 i c a t e  
A1 icycl i c Hydrocarbon Resin 
Polyacryl a t e  Emulsion 
I onomer D i  spers i  on 
Natural Cal c i  um Si 1 i cate 
Polyacryl a t e  Thickener 
Nonionic Surfactatit 
Polyvi ny1 A7 coho1 
Octadecene-1/Mal e i  c Anhydride 
Copolymer 
Oryani c Polyphosphori c Ester 
Surfactaltt 
Kaolin Clay 
Ionomer D i  spersi  c-I 
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She1 1 Chemical Company, Houston, TX 77002 
General Elect r ic  Company, Sel k i  rk,  NY 121 58 
Rohm & Haas Co., Philadelphia, PA 19705 
Emery Industr ies ,  Cincinnati , OH 45202 
Cabot Corporation, Boston, MA 02110 
Ni Industries,  Hightstown, NJ 08520 
Interpace Corporatio~i, Willsboro, NY 12996 
NL Industries,  Hightstown, N J  08520 
NL Industries,  Hightstown, NJ 08520 
Georgia Kaol i n  , Elizabeth , NJ 07207 
American Cyanami d Co. , Organic Chemi cal s Division, 
Bound drook, NJ 08805 
Degussa Corporation, Teterboro, NJ 07608 
Rohm & Haas Company, Philadelphia, PA 19105 
Wood Flour, Inc., Winchester, NH 03470 
NL Industries,  Hightstown, NJ 08520 
NL Industries,  Hightstown, NJ 08520 
Arakawa Chemical Industries , Ltd. 
Osaka 541, Japan 
Rohm & Haas Company, Philadelphia, PA 19105 
E. I. Dupont de Nemcurs & Co., Wilmington, DE 19898 
Interpace Corporation, W i  1 lsboro, NY 12996 
B. F. Goodri ch Chemical Co. , Cl eve1 and, OH 441 37 
GAF Corporati on, New Y ork, f!Y 10020 
E. I ,  Dupont de Nemours & Go,, Wilmington, DE '19898 
Gulf O i  l Chemicals Company, Houston, TE 77003 
Dexter Chemi cal Corporati on, Bronx, NY 10474 
Engel hard Minerals & Chemicals Corp., Edison, MJ 08817 
E. I. Dupont de Nemours & Co., Wilmington, DE 19898 





Basis Weight g/m2 
Caliper, mm (mils)  
Tensile Strength MD: kN/m (1bo.l in.)  
CD kN/m ( Ibs . / in . )  
Elmendorf Tear MD g/16 sheets  
CD g/16 sheets  
Elongation MD % 
CD % 
Machine di rect ion samples a r e  cu t  so  t h a t  the t e n s i l e  s t r e s s  is  applied 
para l l e l  t o  the direction of continuous t ravel  of the forming web on a 
paper machine. 
2 Cross di rect ion samples a r e  cut  a t  r i g h t  angles t o  machine di rect ion.  
I n  handsheet work on subs t ra tes  severa l  o the r  f i b e r  
conibinat ions were exai~iined. Blends o f  s y n t h e t i c  wood 
p u l p  (h i gh  d e n s i t y  po lye thy lene  i n  water  d i s p e r s i b l e  
f i b e r  form) w i t h  asbestos and w i t h  c e l l  u lose  (wood 
pu lp )  were made i n t o  handsheets. The s y n t h e t i c  wood 
p u l p  o f f e r e d  t he  p o s s i b i l i t y  of heat  bonding w i t h o u t  
f u r t h e r  t reatment  o t h e r  than  ca lender ing.  The water  
r epe l l ency  o f  t h e  fused f i b e r s  l e d  t o  poorer  w e t t i n g  
o f  t he  bonded sheets and h ighe r  e l e c t r i c a l  r e s i s t i v i t y .  
No work was done w i t h  these combinat ions beyond t h e  
hands heet  stage. 
B, C e l l  u l  o s i  c  Papers 
The h e a l t h  hazards o f  asbestos have become we1 1 recog- 
n i zed  i n  r ecen t  years,  so much so t h a t  s t r i c t  yovernnient 
r e g u l a t i o n s  have been es tab l i shed  t o  govern i t s  use (Ref. 5). 
As a r e s u l t ,  t h e r e  i s  an i nc reas ing  unw i l l i ngness  t o  
manufacture o r  t o  use products  c o n t a i n i n g  asbestos. There 
was a [reed f o r  a l t e r n a t i v e  subs t ra tes  t o  b 'sveioped 
f o r  separators .  One p o s s i b i l i t y  was c e l l u l t  - 2  papers 
sa tu ra ted  w i t h  s u i t a b l e  emulsion polymers. Sa tu ra t i ng  
grade papers gene ra l l y  have an open s t r u c t u r e  t o  a l l o w  
t h e  absorp t ion  o f  l a r g e  anlocnts o f  impregnants, and 
a re  thus r a t h e r  porous even a f t e r  sa tu ra t i on .  Th is  
a l lowed good e l e c t r o l y t e  h o l d i n g  power and y e t  p rov ided  
a good c o a t i n g  base f o r  b a r r i e r  t ype  coa t ings .  The 
same fu rmu la t i ons  used f o r  b a r r i e r  coa t ings  o f  t h e  type  
u t i l i z e d  i n  t he  inorgan ic -o rgan ic  separa to r  des ign were 
adapted t o  use as sa tu ran ts .  It was necessary t o  use a 
rubbery o r  s o f t  p l a s t i c  b i nde r  i n  o rde r  t o  have adequate 
t e a r  r es i s tance  f o r  hand l i ng  and f a b r i c a t i o n  i n t o  
f i n i s h e d  separators.  A p roduc t i on  r u n  o f  t h i s  t ype  o f  
subs t ra te ,  No. S-47971, was made from a bleached k r a f t  
base paper sa tu ra ted  w i t h  approx in la te ly  28 p a r t s  o f  a  
pigmented b u t y l  l a t e x  f o rmu la t i on  p e r  100 p a r t s  o f  f i b e r ,  
Phys icd l  p r o p e r t i e s  o f  S-47971 a re  1 i s t e d  i n  Table 111, 
Polypropylene Nonwovens .-- 
A second area o f  p o t e n t i a l  replacements f o r  asbestos i s  
comprised o f  nonwoven f a b r i c s  made from a1 ka1 i and ox ida-  
t i o n - r e s i s t a n t  f i b e r s  o f  t e x t i l e  leng th .  Such f a b r i c s  
have a1 ready been appl i e d  i n  many separa to r  appl  i c a t i o n s .  
The type  on which Kimber ly-Clark  has concentrated was based 
on nonwoven polypropy lene (Ref. 6). Po lypropy lene has ex- 
c e l l e n t  chemical res is tance ,  b u t  i t  i s  a d i f f i c u l t  m a t e r i a l  
t o  wet w i t h  water,  and even more so w i t h  a l k a l i n e  aqueous 
TABLE 111. PROPERTIES AND FORMULATION OF S-47971 
PROPERTIES 
Basis W t .  Caliper 8 Sheet MD Dry Tensile MD Dry MD 
Item !3/m2 cm (mi 1 s )  Gurl ey Porosity kN/m (1 bs . / i n .  ) E l  ongation Elmendorf Tear 
Seconds/100 cc % g/16 sheets  
BASE PAPER 62.0 0.017 (6.5) 8.8 - - - 
S-47971 85.7 0.018 (6.9) 12.7 3 . 3  (18.6) 3.1 166 
FORMULATI ON 
BASE PAPER: Bleached sa tura t ing k r a f t  wood pulp 
S-47971: Saturated* BASE PAPER 
Dry 
Par ts  by Wt. 
* Saturant: Pigment Dispersion Tam01 731 
Nyad 400 
Binder BL-1 00 
e l e c t r o l y t e s .  Pre l  i m i  nary e f f o r t s  t o  modify the  po ly -  
propylene f i b e r  surfaces t o  make them wet tab le  showed 
t h a t  pigmented formulat ions l i k e  the  I/O b a r r i e r  coat- 
ings were no t  a f f e c t i v e .  Two separate we t t i ng  problems 
needed so lu t ion .  The f i r s t  was the  d i f f i c u l t y  o f  com- 
p l e t e l y  we t t i ng  a  polypropylene web w i t h  a  d i l u t e  aqueous 
impregnant. The second problem was t o  f i n d  add i t i ves  
which would l a t e r  serve t o  make the  d ry  sheet r e a d i l y  
wet table w i t h  e l e c t r o l y t e .  Many types o f  sur fac tan ts  
were e f f e c t i v e  i n  p rov id ing  easy sa tura t ion .  However, 
most o f  the sur fac tan ts  which were usefu l  f o r  t he  satura- 
t i o n  step were n o t  e f f e c t i v e  i n  rewe t t i ng  w i t h  concentrated 
KOH so lu t ion .  
One c lass o f  sur fac tan ts  which was found t o  be espec ia l l y  
e f f e c t i v e  f o r  rewe t t i ng  d ry  separator ma te r i a l s  w i t h  KOH 
e l e c t r o l y t e  was the  phosphate e s t e r  type. Levels o f  
su r fac tan t  o f  about one percent  on the  f i b e r  weight 
prov ided good w e t t a b i l i t y .  A f t e r  these pigmented formu- 
l a t i o n s  conta in ing  the  requ i red  su r fac tan t  had been 
wetted w i t h  e l e c t r o l y t e  they remained wet i n d e f i n i t e l y .  
This  was no t  t r u e  of j u s t  t he  polypropylene f i b r o u s  webs 
t r e a t e d  w i t h  the  same sur fac tan t  alone; such wet table 
webs a c t u a l l y  dewetted even w h i l e  immersed i n  e l e c t r o l y t e .  
I n i t i a l l y ,  the  pigmented fo rmula t ions  used t o  develop 
w e t t a b i l i t y  i n  polypropylene u t i l i z e d  the  pigment systems 
o f  the  NASA b a r r i e r  coat ings. Lower cos t  pigments, such 
as calcium s i l i c a t e  and kao1,in c lay ,  were l a t e r  used 
exc lus ive ly .  The lower cos t  systems were equa l l y  e f fec -  
ti ve i n  p rov id ing  wet tabi  1  i t y .  The e l e c t r o l y t e  ho l  d i  ng 
power was h igh  because o f  the  very open s t ruc tu re ,  j u s t  
as i t  i s  f o r  o ther  nonwoven fab r i cs .  This  s t r u c t u r e  
made i t  necessary t o  use specia l  precaut ions i n  coat ing  
t o  prevent  coat ing  penet ra t ion .  
Selected t e s t  values f o r  p roduct ion  runs o f  the  var ious 
types o f  substrate are l i s t e d  i n  Table I V .  
TABLE IV . SELECTED SEPARATOR TESTS FOR SUBSTRATE TYPES1 
Basis Dry Glet Bubble Maximum Elect rolyte  Vol ume 
Substrate Weight Ca1 i per Cal i per Pressure2 Pore D i  ameter3 ~ b s o r p t i  on' f tes is t iv i ty4 
g/m2 cm cm kPa IJ m % n cm 
PPO t rea ted  asbestos 253 0.028 0.030 24 9.2 114 15.6 
BTA 143 0.019 0.022 Ruptured a t  - 
21 
S-47971 (Cell ul ose) 83 0.015 0.047 5.7 40.9 
S-49024 (~olypropyl  enel 53 0.025 0.025 4.4 53.8 
Tests r u n  a t  Kimberly-Clark. 
* Kimberly-Cl ark t e s t  apparatus and method, s imi la r  t o  ASTCl Method E-128; sample backed by aluminum window screen. 
Calculated from bubble pressure. 
Air Force Aero Propulsion Laboratory Screeni ng Method (Ref -1 0) .  
Sol vent-Based NASA Coat ings 
Four solvent-based coa t ings  s t u d i e d  e x t e n s i v e l y  by NASA 
were chosen f o r  t h e  i n i t i a l  c o a t i n g  work. They were repre-  
s e n t a t i v e  o f  t he  o r i g i n a l  Astropower coa t i ngs  and NASA 
mod i f i ca t i ons .  T h e i r  f o rmu la t i ons  a re  g i ven  i n  Table V. 
One o b j e c t i v e  of t h e  c o n t r a c t  was t o  demonstrate t h e  commer- 
c i a l  a p p l i c a t i o n  o f  solvent-base coa t i ngs  on se lec ted  
subs t ra tes .  The PPO coa t ings  presented extreme d i f f i c u l t i e s  
because o f  t he  ch lo ro fo rm so l ven t .  The r a p i d  d r y i n g  caused 
s k i n  fo rmat ion  on t h e  ch lo ro fo rm  coa t i ng ,  and worker exposure 
t o  ch lo ro fo rm vapors around compounding and c o a t i n g  equipment 
would be excessive. These f a c t o r s  and t h e  undes i rab le  b r i t t l e -  
ness o f  t he  c o a t i n g  l e d  t o  t h e  d e c i s i o n  n o t  t o  make p i l o t  
coa t ings  w i t h  ch lo ro fo rm s o l u t i o n s .  The more f l e x i b l e  K19W1 
and K19W2 were t h e r e f o r e  t h e  s o l v e n t  coa t ings  o f  choice. 
The i n i t i a l  p i l o t  coa t i ng  t r i a l s  were r u n  on a  24- inch 
Fauste l  coa te r - lamina to r  u s i n g  7-mi l  BTA as t h e  subs t ra te  
(See Sec t ion  I A ) .  To s u c c e s s f u l l y  coa t  t h e  low s t r e n g t h  
BTA w i t h  K19W1 a  c a r r i e r  web was requ i red .  The p r e f e r r e d  
method would be w i t h  a  b e l t  th rough  t h e  coater .  The coa t i ng  
method used was " n i p - f e d  reve rse  r o l l . "  For  a  d e s c r i p t i o n  
o f  t h i s  coa t i ng  arrangement, as w e l l  as t h e  o t h e r  coa t i ng  
methods used i n  t h i s  work, see Reference 7. The coa t i ng  weight  
o f  134 g/m2 was a p p l i e d  i n  two coats .  The a p p l i c a t i o n  i n  two 
coats was s p e c i f i e d  by NASA s ince  l a b  work i n d i c a t e d  supe r i o r  
r e s u l t s  over s i n g l e  coats  o f  t h e  same t o t a l  weight.  Double- 
coa t i ng  would be expected t o  reduce t h e  p o s s i b i l i t y  o f  f l aws  
which extend through t h e  e n t i r e  th ickness  o f  t h e  coa t ing .  
The volume r e s i s t i v i t y  o f  t h e  K19W1 coated BTA was h ighe r  
than des i rab le .  Some o f  t h e  c o a t i n g  m i x t u r e  used i n  t h e  
t r i a l  was app l i ed  t o  some o f  t h e  same BTA i n  t h e  l a b o r a t o r y  
i n  s i x  successive coa t ings .  Th i s  produced coa t  weights  
rang ing  from 35 t o  168 g/m2. R e s i s t i v i t i e s  were measured 
f o r  each o f  these and were found t o  r i s e  almost l i n e a r l y  
a f t e r  a  minimum coa t  weight  o f  60 g/m2 was reached ( c f .  
F ig .  1). A l l  r e s i s t i v i t i e s  r e p o r t e d  here were measured 
by t h e  d i r e c t  c u r r e n t  method a f t e r  hea t i ng  t h e  samples f o r  
16 hours a t  90' C i n  45% KOH. The heat  t rea tment  was 
necessary t o  develop lower  r e s i s t a n c e  by t h e  r e a c t i o n  
o f  t h e  p l a s t i c i z e r  i n  t he  coa t i ng .  The h i g h  r e s i s t i v i t i e s  
o f  K19W1 on BTA were i n  c o n f l  i c t  w i t h  r e s u l t s  f rom e a r l i e r  
coa t i ng  work by NASA. 
Coat ings o f  t he  same K19W1 used above were a p p l i e d  a t  NASA 
and t h e  volume r e s i s t i v i t y  was n e a r l y  cons tan t  i n  t h e  coa t  
weight  range from 72 t o  128 g/m2. Laboratory  work t o  recon- 
c i l e  d i f f e r e n c e s  i n  r e s i s t a n c e  between NASA coated sheets 
TABLE V . SOLVENT-BASED NASA COATING FORI4JLATIONS ' 
Kraton GX7050 




Pl as tol  e i  n 9750 
Cab-0-Si 1 
Lead T i  tanate  
Wol 1 astoni t e  P-15 
Magnesium Titanate 
Cal ci  um Z i  rconate 
1 Parts  by weight. 
FIGURE I 
EFFECT OF COAT WEIGHT OF K19WI 
ON AREA RESISTIVITY 
I I 
5 10 15 
AREA RESISTIVITY ohm cm2 
and those coated a t  Kimberly-Clark showed t h a t  major d i f f e r -  
ences were produced by v a r i a t i o n s  i n  d ry ing  cond i t ions .  
K19W1 was app l ied  i n  two successive coat ings,  the  f i r s t  
a t  11 wet m i l s  and the second a t  9 wet m i l s ,  us ing  a l a b  
kn i fe -over - ro l  1  coat ing  arrangement. Dry ing  cond i t ions  
were v a r i e d  and the  res is tances measured as l i s t e d  i n  Table V I .  
These r e s u l t s  explained some o f  t he  d i f f e rences  between 
e a r l i e r  r e s u l t s ,  s ince the  e a r l i e r  coat ings (even product ion  
t r i a l s )  made by NASA were d r i e d  w i thou t  us ing  heat i n  the 
ovens. Dry ing a t  room temperature i s  a c o s t l y  l i m i t a t i o n  
when coat ings as heavy as these ( ~ 6 0  g/m2 dry )  are app l ied  
commercially. Nevertheless, a machine coa t i ng  was made w i t h  
no heat i n  the  ovens. Even t h i s  run  showed s u b s t a n t i a l l y  
h igher  r e s i s t i v i t y  than sheets d r i e d  w i t h  no fo rced a i r  
c i r c u l a t i o n .  Good a i r  c i r c u l a t i o n  i s  essen t i a l  on coat ing  
machines t o  vent  the  organic solvents sa fe l y ,  u n l i k e  
d ry ing  small samples i n  a labora tory .  The components o f  t h i s  
so lvent  coat ing  must have been d i s t r i b u t e d  i n  d i f f e r e n t  ways 
depending on d ry ing  cond i t ion .  This  i s  n o t  s u r p r i s i n g  i n  
view o f  the  s o l u b i l i t y  c h a r a c t e r i s t i c s  o f  Kraton. Paraplex 
G-62, t he  component responsib le f o r  lower ing  the  r e s i s t i v i t y ,  
i s  a nonsolvent f o r  Kraton, and would be expected t o  throw 
the Kraton out  of s o l u t i o n  t o  vary ing  degrees a t  d i f f e r e n t  
temperatures and concentrat ions.  
Handsheet samples o f  K19W2 on BTA (designated K19W2G and 
s i m i l a r  t o  K19W1) gave comparable cyc le  l i f e  as an e a r l i e r  
product ion con t ro l  o f  K19W1, b u t  prov ided ~ e t t e r  capac i ty  
re ten t i on .  The con t ro l  was coated a t  Duracote Corporat ion 
by NASA. Ce l l  t e s t i n g  was i n  8 amp-hour Ni/Zn c e l l s  a t  50% 
depth o f  discharge (DOD) and c a r r i e d  ou t  according t o  NASA 
procedures as i nd i ca ted  i n  t he  Appendix. Test r e s u l t s  are 
summarized i n  Fig. 2. 
During the course o f  t h i s  con t rac t  promis ing new so lvent  coat ings 
were developed a t  NASA. These new formulat ions had much lower 
res is tance than K19W1. One such fo rmula t ion ,  which was s tud ied  
ex tens ive ly  and coded K158, i s  g iven i n  Table V I I .  This coa t i ng  
was charac ter ized by conta in ing  l a r g e  amounts o f  u l t r a  f i n e  
p a r t i c l e  s i ze  pigments, p a r t i c u l a r l y  the  P-25 t i t a n i u m  d iox ide .  
Another important  change from K19W1 was s u b s t i t u t i o n  o f  P l a s t o l e i n  
9750 f o r  Paraplex. This  l a t t e r  change reduced res is tance i n  
many formulat ions.  The Kraton was a lso  a d i f f e r e n t  grade, 
which was more e a s i l y  so lub le  than the  h igher  molecular weight 
Kraton GX7050. Unfor tunate ly ,  the  changes t o  u l t r a f i n e  
pigments i n  K158 and s i m i l a r  v a r i a t i o n s  r e s u l t e d  i n  a tendency 
t o  develop coat ing  cracks du r ing  dry ing.  Changes i n  so lvent  
composit ion helped reduce cracking,  and a p p l i c a t i o n  o f  
TABLE V I  . VARIATION OF RESISTIVITY WITH DRYING CONDITIONS 
Coat Area 
Weight Resi s C S  v i  t y  
g /m' ohm cm2 
Both coats  d r i e d  a t  room temperature 125 1.52 
Both coats d r i e d  i n  l a b  w e n  a t  105' C. 129 4.19 
Both coats  d r i e d  w i t h  a l a b  hea t  gun 126 5.13 
FIGURE 2 
CYCLE Ll FE COMPARl SONS 
IN NICKEL- ZINC CELLS 
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TABLE V I I .  K158 FORlniILATION ' 
Kraton GI650 
To1 uene 
P l a s t o l e i n  9750 
Hydrite UF 
Unitane 0-110 
Lead Ti t.anatr 
P-25 Ti tan! urn Dioxide 
1 P a r t s  by wei g h t  . 
m u l t i p l e  coat ings helped considerably. By us ing f o u r  o r  
f i v e  separate caats,  good q u a l i t y  handsheets were prepared 
i n  the  labora tory  f o r  eva lua t ion  i n  c e l l s .  The i n i t i a l  
p i l o t  coat ing  runs w i t h  K158 were n o t  s a t i s f a c t o r y  because 
o f  crack formation. The second coat  caused cracks t o  develop 
j n  the  f i r s t  coat  even before  the  sheet entered t h e  oven. 
I n  a  second t r i a l ,  usfng no heat i n  t he  oven, f laws were 
reduced i n  number b u t  s t i l l  present.  The on ly  way t o  
completely overcome the  problem was t o  use h igher  l e v e l s  o f  
Kraton b inder ,  which p r e d i c t a b l y  r e s u l t e d  i n  excessively  h igh  
e l e c t r i c a l  res is tance.  
Mod i f i ca t ions  o f  t he  design K158 were developed a t  NASA and 
handsheets prepared a t  Kimberly-Clark f o r  evaluat ion.  Formu- 
l a t i o n s  are  g iven i n  Table V I I I  and are a t  equ iva len t  r a t i o s  
o f  binder-to-pigment volume concentrat ions.  The coat ings 
were app l i ed  i n  m u l t i p l e  coats t o  minimize cracking. A l l  o f  
the  coat ings were d r i e d  a t  room teriiperature. The formulat ions 
u t i l i z i n g  wood f l o u r  i n  p lace  o f  inorgan ic  pigment have a  more 
favorable r a t i o  o f  hinder-to-pigment sur face area because o f  t he  
l a r g e r  p a r t i c l e  s i z e  o f  t h e  wood f l o u r .  As a  r e s u l t  they are 
more r e s i s t a n t  t o  coat ing  cracks. The wood f l o u r  leads t o  a  
rough tex tured sur face and causes spreading problems w i t h  some 
coat ing  methods which favor  separat ion o f  l a r g e r  p a r t i c l e s  
dur ing  the  metering o f  wet coat ing.  I n  t h i s  case, reverse 
r o l l  coa t ing  i s  a  s a t i s f a c t o r y  coa t i ng  method. 
Two o f  t he  wood f l o u r  coat ings a l so  conta in  an a c r y l a t e  polymer 
i n  emulsion form i n  p lace o f  Paraplex o r  P las to le in .  The use 
o f  these ac ry la te  emulsions i s  discussed under aqueous coat ings, 
i n  which they are  pa r t i cu :a r l y  use fu l  i n  lower ing  res is tance.  
The emulsion mixed smoothly i n t o  t h e  toluene-based coat ings i n  
s p i t e  o f  i t s  water content.  
The t e s t  r e s u l t s  f o r  these handsheet samples are  l i s t e d  i n  
Table I X .  The samples had low res is tance,  and sorne showed 
promise i n  cyc le  1  i f e .  
Four mod i f i ca t ions  o f  K158 were chosen f o r  p i l o t  coa t i ng  ( c f .  
Table X) .  The so lvent  coat ings made p rev ious l y  were prepared 
by b a l l  m i l l i n g .  These f o u r  coat ings, and the  wood f l o u r  
coat ings above, were prepared i n  a  Segvari a t t r i t o r ,  which i s  
f a s t e r  and more p r a c t i c a l  f o r  p repar ing  the  q u a n t i t i e s  o f  
coat ing  needed. These coat ings were app l i ed  on a  Faustel  
p i l o t  coater.  This  was a  14-inch coater  equipped w i t h  a 
long tunnel  oven, a l l ow ing  h igh  d ry ing  capac i ty  w i t h  good 
temperature con t ro l .  
Kraton 6-1650 
To1 uene 
Paraplex 662 16 - - - - - - - - - 
Pl as tole in  9750 
Wood Flour 
Lead Zirconium Titanate - - - 166.4 - - 15.2 - - - 
Hydrite UF - - - - 26.3 26.3 26.3 - - - 
Uni tane 0-1 10 - - - - 3 6 36 3 6 - - - 
Magnesium Titanate - - - - - 10.1 - - - - 
Rhoplex HA-16 (wet) 
1 Parts  by weight. 
TABLE I X .  STANDARD SEPARATOR TEST RESULTS 
SOLVENT-COATED LABORATORY HANDSHEETS1 
Dry Volume Zinc Zinc Pore C y c l e  L i f e 2  
Thickness R e s i s t i v i t y  Poros i ty  D i f f us ion  Penetrat ion Radius To < 1 V o l t  a t  To < 40% o f  Capacity 
Coating Substrate cm R cm % Rate cm/nri n o End o f  Discharge a t  > 1 V o l t  











A l l  t e s t s  done a t  NASA using NASA Screening Test Procedures. 
Nickel-z inc c e l l s  - 8-hour cyc le  - 50% OOD - C/4 Discharge Rate 
TABLE X. K158 VARIATIONS FOR MACHINE COATING 
Kraton GI650 
P l  a s t o l  e i  n 9750 
To1 uene 
H y d r i t e  UF 
Uni tane 0-1 10 
P-25 T i02  
Lead Zirconiul i i  T i t ana te  
Calciu111 Z i r con iu~ i l  S i l i c a t e  
Wood F lou r  
1 
Par ts  by weight,  
Each o f  these coat ings was spread satr  F a c t o r i l y  by a  pan- 
f e d  reverse r o l l  method. A sa tura ted  ce l1u los i c  sheet, 
wet tab le  polypropylene webs, and BTA were coated. On each o f  
these substrates a l l  four  coat ings spread smoothly, b u t  the  
d r i e d  coat ings a1 1  developed cracks which would destroy 
t h e i r  e f fec t iveness  as a  b a r r i e r .  J u s t  as w i t h  K158, i t  
appeared t h a t  the  h igh  modulus Kraton b inder  i s  n o t  s t re tchab le  
enough a t  t h e  h igh  pigment-to-binder r a t i o  o f  these coat ings. 
The c rack ing  was more extreme on c e l l u l o s e  sheets than on 
polypropylene o r  asbestos, no doubt because dimensional 
changes i n  going from oven-dried t o  humid a i r  were greater  
on ce l l u lose .  I n  f a c t ,  coated paper s m p l e s  taken d i r e c t l y  
from the  oven were observed developing cracks as the  moisture 
content  increased. Changes i n  d ry ing  cond i t ions  and a p p l i c a t i o n  
o f  m u l t i p l e  l i g h t e r  coat ings helped t o  a  degree, b u t  d i d  no t  
e l im ina te  the  cracking. Add i t i on  of res ins  which had a  p l a s t i -  
c i z i n g  a c t i o n  on Kraton d i d  g r e a t l y  reduce t h e  c rack ing  tendency. 
Each of t he  coat ings on Table V I I I  were mod i f ied  by s u b s t i t u t i o n  
o f  Arkon P-85, a  hydrocarbon r e s i n  which i s  f u l l y  saturated, 
f o r  h a l f  o f  the Kraton 1650 i n  the  rec ipes.  A l l  o f  the coated 
sheets were made by reverse r o l l  coa t ing ,  and represent  the 
b e s t  coa t i ng  u n i f o r m i t y  achievable w i thou t  inc reas ing  the 
b inder  l e v e l .  
Formulat ion K172 was app l i ed  t o  BTA and t o  Type S-47971 
c e l l u l o s i c  base, both w i t h  and w i thou t  t h e  s u b s t i t u t i o n  o f  
Arkon f o r  h a l f  the  Kraton. Resistance o f  the  p l a s t i c i z e d  
samples was markedly lower on bo th  the asbestos and c e l l u l o s i c  
substrates.  Zinc d i f f u s i o n  r a t e  and pore s i z e  were h igher  
f o r  t he  p l a s t i c i z e d  coa t i ng  on BTA, and the  e l e c t r o l y t e  
absorpt ior:  was lower. A1 1  these d i f f e rences  niay have resu l ted  
from a  greater  degree of coa t i ng  pene t ra t i on  by the  p l a s t i c i z e d  
coat ing. The p l a s t i c i z e r  gave a  lower v i s c o s i t y  a t  the  same 
s o l i d s ,  which favored pene t ra t i on  o f  t he  wet coat ing.  The r a t e  
o f  capac i ty  l oss  on c y c l i n g  Ni-Zn c e l l s  was approximately 20% 
greater  w i t h  the  p l a s t i c i z e d  coat ing.  Arkon modi f ied  coat ings 
are i d e q t i f i e d  i n  Table X I  by a  "P"  i n  t he  coa t i ng  i d e n t i f i c a t i o n  
co l  umn. 
Ex t ra  yardage o f  K168 on BTA was prepared f o r  use i n  a  wheelchair  
b a t t e r y  app l i ca t i on .  Cracks were s t i l l  present  i n  the  second 
coat ,  b u t  a  dye s o l u t i o n  i n  isopropanol brushed on the  coat ing  
d i d  n o t  show penet ra t ion .  The dye h i g h l i g h t s  the  bubbles and 
cracks, b u t  they do n o t  extend through the  e n t i r e  coat ing  
th ickness.  Furthermore, t he  z inc  d i f f u s i o n  r a t e  remains 
low, so the  coat ing  appears t o  be a  good b a r r i e r .  Figure 3 
shows the  magnitude o f  the  cracks. 
TABLE XI. STNIDARO SEPARATOR TEST RESULTS 
PILOT AllD PROWCTIOIi COATED MATERIAL' 
Bubble Zinc  Zinc  Pore  C y c l e  L i f e 2  
Dry Volume Pres su re  Di f fus ion  Pene t r a t ion  Radius To < 1 Volt a t  *an6 
Thickness R e s i s t i v i t y  P o r o s i t y  (H,O) anlmi n 8 End o f  Discharge XI -8 Coating S u b s t r a t e  m R a n  'Z kPa rnol/cmmin ( X l o 5 )  
(X 1071 Mean Dew.) 
K19W1 s3 PPO t r e a t e d  a sbes tos  
K19W1 S ETA 
K19U1 S Manni L a p  I l l  
K158 S Manni tmp 111 
K158 S Manni tmp 172 
* K168P S BTA 
* K168P S C e l l u l o s e  Paper  
* K168P S 45 g/m2 PP tlonwoven 
* ~ 1 6 8 ~ ~  S BTh 
* K172 S BTA 
* K172P S BTA 
* L172 S C e l l u l o s e  Paper 
* K172P S C e l l u l o s e  Paper  
* K172P S 45 g/m2 PP Ilonnoven 
* K173P S BTA 
* K173P S Cel lu lose  Paper  
* K173P S 45 g/m2 PP llonwoven 
* K177TP S BTA 
* K177TP S Ce l lu lose  Paper 
f K177TP S 45 g/m2 PP llonwoven 
K40A A~ C e l l u l o s e  Paper 
K40 A BTA 
K40C A Mannitemp 111 
*K172 A BTA 
* K172 A 45 g/m2 PP tionwoven 
* Ilyad c t g  A C e l l u l o s i c  Paper 
* Nyad c t g  A 45 g/mZ PP llonwoven 
* C47972 A C e l ~ u l o s i c  Paper  
* C e l l s  cycled us ing  c o n s t a n t  c u r r e n t  d i scha rge  (CCO). To cempare r e s u l t s  t o  o t h e r  tests us ing  c o n s t a n t  l o a d  ( r e s i s t a n c e )  d i s c h a r g e  (CLD), 
use  t h e  r e l a t i e n s h i p :  CLD = 1.8O(CCD) based on cyc le s  t o  < I  v o l t  a t  end o f  d ischarge .  
A l l  tests done a t  IlASA us ing  flASA Screening T e s t  Procedures.  
2 Il ickel-zinc c e l l s  - 8-hour c y c l e  - 50% DO0 - c/4 Discharge Rate. 
3 S = Solvent-based coa t ing .  
4 Extra  ya rdage  run f o r  wheel c h a i r  a p p l i c a t i o n .  
5 A = Aqueous-based coa t ing .  




COATING SURFACE CRACKS 
K 168 ON BTA 
Test  r e s u l t s  on the  p i l o t  and product ion  coated samples a re  g iven 
i n  Table X I .  Inspec t ion  o f  volume r e s i s t i v i t y  data shows t h a t  
t he  o r i g i n a l  NASA so lvent  c m t i n g s ,  K19W1 and K758, hSV8 higher  
r e s i s t i v i t i e s  than the  mod i f ied  so lvent  and aqdeous coat ings 
developed f o r  p i l o t  and product ion  t r i a l s .  
The cyc le  l i f e  data i n  Table X I  inc ludes two d i f f e r e n t  types 
o f  discharge. Those data preceded by an a s t e r i s k  (*) were 
obta ined us ing  a c o w t a n t  c u r r e n t  discharge. The o ther  data 
was obtained hy discharge through a constant  7 ~ a d  r e s i s t o r .  
Th is  mix.ture o f  t e s t  data r e s u l t e d  from a replacement o f  the  
NASA c e l l  cyc le  t e s t  f a c i l i t i e s  i n  October, 1980. 
Constant cu r ren t  discharge places greater  s t ress  on the  c e l l s  
due t o  h igher  sustained c u r r e n t  dens i ty  which r e s u l t s  i n  
shortened cyc le  l i f e  when compared t o  t h e  method o f  discharge 
through a constant load r e s i s t o r  where bo th  vo l tage and c u r r e n t  
decrease as c e l l  capaci ty  diminishes. 
Based on r e s u l t s  of t h ree  sets o f  c e l l s  cyc led  by both methods, 
t h e  r e l a t i o n s h i p  o f  cyc le  l i f e  obta ined under constant  c u r r e n t  
discharge (CCD) and constant  l o a d  discharge (CLD) i s  g iven by: 
cLD = (1,50:0. ~ ~ ) c c D ,  
To compare data i n  Table X I ,  m u l t i p l y  t he  average o f  t he  3 
cyc les (CCD) by 1.80 t o  est imate the  cyc les  under constant 
l oad  discharge. (Some cyc le  data was dropped i n  computing 
averages; a value was considered an o u t l i e r  when the  standard 
dev ia t i on  o f  t he  3 values was 1.5 t imes the  d i f f e rence  
between the  mean o f  two values and th ree  values). Once t h i s  
conversion i s  made, comparisons can be made w i t h  the  NASA 
standard, K19W1 ( the f i r s t  l i n e  i n  Table X I ) .  
On a l l  th ree  substrates, t he  K177TP coa t i ng  was d e f i n i t e l y  
super io r  t o  K19W1 w i t h  respect  t o  r e s i s t i v i t y ,  and gave 25% 
b e t t e r  cyc le  l i f e .  The e x t r a  yardage run  o f  K168P on BTA 
f o r  the wheel cha i r  b a t t e r y  demonstration c e l l s  had low 
r e s i s t i v i t y ,  very low z inca te  d i f f u s i v i t y ,  and gave an average 
o f  222 cyc les  under a constant  cu r ren t  discharge regime and an 
est imate t o  400 cyc les when compared t o  the  NASA standard. The 
K168P formula was modi f ied  w i t h  Arkon res in .  
Some u f  the  solvent  coat ings i n  Table X I  welhe cyc le  t e s t e d  i n  
8 ampere-hr Ag/Zn c e l l s .  The K177TP on BTA and K168P on BTA 
achieved 107 and 100 cyc les respec t i ve l y  a t  50% DOD under 
constant  cu r ren t  discharge. The solvent-coated polypropylene 
shorted before 50 cyc les,  regardless of coat lng. The bes t  
c y c l e  l i f e  i n  Ag/Zn c e l l s  (340 cyc les  a t  50% DOD) was ob ta ined  
f rom t h e  aqueous K158 formula based on t h e  b u t y l  rubber  on a 
BTA subs t ra te  prepared as handsheets. The o r i g i n a l  s o l v e n t  
standards, X40 and X47W1, ( f o rmu la t i ons  shown i n  Table V)  gave 
an average o f  206 and 233 c y c l e  r e s p e c t i v e l y  a t  50% DOD under 
cons tan t  l oad  d ischarge  (see Table I V ,  re fe rence  8). 
111. Aqueous V a r i a t i o n s  o f  NASA Coat ings 
One o f  t h e  major o b j e c t i v e s  o f  t h e  program was development 
of  aqueous analogs o f  se lec ted  NASA fo rmu la t i ons  t o  e l i m i n a t e  
o rgan ic  s o l v e n t  use. The r e 1  a t i v e l y  heavy coa t ings  s p e c i f i e d  
( i . e . ,  120 g/m"ry) f o r  t h e  s o l v e n t  base I / O  t ype  separa to r  
made t h e  q u a n t i t y  o f  so l ven t s  t o  be evaporated very  h igh.  
E l i m i n a t i o n  o f  so l ven t s  g r e a t l y  reduces h e a l t h  and f i r e  
hazards, and s u b s t a n t i a l  l y  reduces t h e  costs .  
The same coa t ings  chosen f o r  so l ven t  coa t i ng  work ( c f .  Table V )  
were t r i e d  i n  water-based systems. A l l  o f  t h e  var ious  pigments 
u t i  1 i z e d  i n  t h e  s o l  ven t  f o rmu la t i ons  were r e a d i  l y  d ispersed  
i n  water, us i ng  convent iona l  d ispersan ts .  D i f f e r e n t  b i nde rs  
were r e q u i r e d  s i nce  n e i t h e r  Kra ton  G nor  PPO were a v a i l a b l e  
i n  emulsion form. The most p romis ing  e las tomer ic  b i nde r  
which was commercial l y  a v a i l a b l e  i n  emu1 s i o n  form was judged 
t o  be b u t y l  rubber.  It i s  a v a i l a b l e  as a 60% s o l i d s  emulsion, 
BL-100, f rom Burke-Palmason Chemical Company. The b u t y l  
rubber  l a t e x  d i d  c o n t a i n  some isoprene copolymerized w i t h  
i sobuty l  ene, which d i d  i n t r o d u c e  some unsa tu ra t i on  and thus  
some o x i d i z a b l e  groups. Never the less,  b u t y l  rubber  was more 
o x i d a t i o n  r e s i s t a n t  than  a l l  of  t he  l a r g e r  volume elastomers 
which were made w i t h  h i gh  percentages o f  butad iene o r  o t h e r  
dienes. Genera l l y ,  t h e  b u t y l  l a t e x  s o l i d s  used were kep t  
i n  t h e  same p igment- to-b inder  r a t i o  as t h e  Kraton o r  PPO 
i n  t he  o r i g i n a l  s o l v e n t  systems. 
The b u t y l  latex-bound coa t ings  a lmost  always produced lower  
r e s i s t i v i t y  than s i m i l a r  s o l v e n t  coa t ings .  A lso,  much h ighe r  
s o l i d s  con ten t  was p o s s i b l e  i n  t h e  aqueous coa t ings  because 
t h e  v i s c o s i t y  o f  polymers i n  s o l u t i o n  i s  n o t  a  f a c t o r  i n  
emulsion systems. Problems w i t h  t h e  b u t y l  l a t e x  f o rmu la t i ons  
as compared t o  s o l v e n t  systems were t h e i r  tendency t o  foam 
and t h e  so f tness  and f l o w  c h a r a c t e r i s t i c s  o f  t h e  s p e c i f i c  
b u t y l  polymer. The softness and f l o w  o f  t he  b u t y l  polymer 
l e d  t o  "b lock ing , "  which i s  a  tendency t o  s t i c k  t o  ad jacen t  
surfaces. Sheets coated w i t h  t h e  aqueous coa t ings  g e n e r a l l y  
r e q u i r e d  a re l ease  l i n e r  t o  p reven t  damage t o  t he  c o a t i n g  
a f t e r  be ing  i n  c o n t a c t  w i t h  o t h e r  sheets as i n  a  r o l l  o r  a  
s tack  o f  sheets. Other elastomers based on e thy lene  propy lene 
rubber  d i d  n o t  have a h i gh  tendency t o  b lock ,  b u t  these were 
o n l y  development p roduc ts  i n  emulsion form, and expensive f o r  
t h i s  reason. 
Each o f  t he  f o u r  coat ings g iven i n  Table V was submitted i n  
aqueous mod i f i ca t i ons  app l ied  t o  handrheets o f  PPO and b u t y l  
l a t e x  t r e a t e d  asbestos, 50:50 SWP: asbestos, nonwoven po ly -  
propylene, and saturated wood pulp. The standard separator 
eva lua t ion  t e s t  r e s u l t s  and c e l l  cyc le  data f o ~  these coated 
handsheets are tabu la ted  i n  Table X I I .  For each coa t i ng  
evaluated, t he  r e s i s t i v i t y  was h ighes t  f o r  t he  PPO impregnated 
asbestos and the  polypropylene substrates.  The BTA and wood 
p u l p  substrates genera l l y  showed the  lowest  r e s i s t i v i t i e s .  
E l e c t r o l y t e  r e t e n t i o n  i n  each coa t i ng  group was the  h ighes t  
f o r  the  wood pu lp  substrate.  Cycle l i f e  c e l l  t e s t i n g  was 
bes t  f o r  t he  BTA substrate fo l lowed by the  wood pu lp  and 
polyprapylene substrates. The r e s u l t s  were s u f f i c i e n t l y  
promis ing t o  warrant p i l o t  coa t i ng  work. The 50:50 SWP: 
asbestos substrate l e d  t o  explosions i n  sealed c e l l s  and 
f u r t h e r  work was dropped. 
It was r e a d i l y  apparent from coated handsheets t h a t  formu- 
l a t i o n s  made w i t h  P l a s t o l e i n  prov ided lower res is tance than 
Paraplex formulat ions.  For t h i s  reason a  P l a s t o l e i n  formu- 
l a t i o n ,  K40, was chosen f o r  a  p i l o t  p roduct ion  study. The 
pigment d ispers ion  was prepared w i t h  0.2 p a r t s  o f  Tamol 731 
d ispersant ,  which al lowed use o f  h igher  coat ing  so l i ds .  The 
ingred ien ts  o f  the pigment d i spe rs ion  were mixed i n  the  order  
l i s t e d  i n  Table X I I I ,  and then run  through the  Gaul in  homo- 
geni zer a t  6000 p s i  (41.3 MPa) t o  produce a  smooth d ispers ion.  
Th is  d ispers ion  was then mixed w i t h  the  b u t y l  l a t e x  b inder .  
The i n i t i a l  coat ing  t r i a l  w i t h  aqueous K-40 was maue on the  
BTA substrate.  It was found t h a t  t he  reverse r o l l  coa t ing  
method i s  t he  best technique f o r  app ly ing  the aqueous coat ing  
on an absorbent substrate such as asbestos w i thou t  excessive 
pene t ra t i on  i n t o  t h e  substrate.  The t a r g e t  coat  weight o f  
60 g/m2 per  coat was achieved w i t h  good coverage. I n  add i t i on ,  
a  re lease 1  i n e r  was requ i red  t o  prevent  b lock ing  i n  a  coated 
r o l l  o f  t he  K-40 system. 
As stated,  a  re lease l i n e r  i s  requ i red  w i t h  t h i s  formulat ion.  
Along w i t h  the  b u t y l  rubber, t he  P l a s t o l e i n  and Paraplex 
promote b lock ing.  Because i n  p roduct ion  i t would be des i rab le  
n a t  t o  use a  re lease l i n e r ,  hydro lyzable ma te r i a l s  o ther  than 
the  P las to le ins  were studied. The study showed t h a t  po ly -  
a c r y l a t e  emulsions w i t h  r e l a t i v e l y  h igh  glass t r a n s i t i o n  
temperature g r e a t l y  reduced the  tack iness of butyl-bound 
coat ings. I n  add i t i on ,  these po l yac ry la te  la texes  were 
found t o  be extremely e f f e c t i v e  i n  producing low e l e c t r i c a l  
res is tance (Ref. 9). As w i t h  low molecular weight p l a s t i -  
c i ze rs ,  t he  separators had t o  be heated i n  e l e c t r o l y t e  t o  
TABLE XII. STANDARD SEPARATOR TESTS 
WATER-BASE HANDSHEET SAMPLES1 
Dry Bubble Pore Zinc Volume Cycles to < 1 Volt 
Coating Substrate Thickness Pressure Porosity Radius Dendrite Resistivity Cutoff Poi nt2 
cm kPa % A Rate R cm 
cm/mi n ( x  104) 
K19bJ1 PPO Asbestos .033 48 50 584 - 26.8 315 155 208 
K19W1 BT A .023 159 5 0 662 8.2 25.7 130 310 300 
K19W1 Polypropyl ene -028 3 8 2 7 502 15.5 63.1 - 190 180 
K19W1 50:50SHP:Asbestos.025 - 66 1879 12.7 28.0 Blew up 320 320 
K19W 1 Nood Pulp .036 45 6 5 1563 11.6 9.2 >210 '210 175 
K19W2 PPO Asbestos .033 11 7 5 9 342 12.9 58.3 325 208 360 
K19W2 BT A .023 110 6 3 258 10.4 22.4 137 118 117 
K19W2 Polypropylene .027 38 3 2 329 16.7 80.1 '210 190 180 
K19W2 50:50SWP:Asbestos.027 83 5 3 260 14.1 40.4 251 281 281 
K19W2 Wood Pulp .033 45 49 10426 11 -8 24.8 177 190 >210 
X40 PPO Asbestos .031 117 59 572 8.0 20.7 133 104 '350 
X40 BTA -020 90 6 3 1179 7 -6 10.9 >350 266 268 
X40 Polypropylene .025 2 8 37 2444 18.9 22.3 - - - 
X40 50:50SWP:Asbestos.027 5 5 6 0 754 - 21 -7 Blew up 125 114 
X40 Wood Pulp -032 28 43 4669 12.0 5.6 - - - 
X47 PPO Asbestos .030 28 6 9 4244 - 25.1 - - - 
X47 BT A .019 3 1 5 6 41 9 6.9 10.6 - - - 
X47 Polypropy1 ene -024 2 1 3 5 747 15.1' 17.4 - - - 
X47 50:50SWP:Asbestos.025 24 58 41 7 12.8 13.6 - - - 
A11 tests done at NASA using NASA Screening Test Procedures. 
Nickel-zinc cells - 8-hour cycle - 50% DOD - Cj4 Discharge Rate - Constant Load Discharge. 
TABLE XII I .  FORMULATION OF K-40 COATING 
Dry Pa r t s  
Pigment Dispersion : Cab-0-Si 1 M5 4.8 
Water t o  60% T .S .  
Tam01 731 0.294 
Cal c i  urn Zi r cona t e  142 
P l a s t o l e i n  9750 47 
Coating : Pi gment Di s p e r s i  on 
BL-100 Butyl Latex 
hydrolyze the  po l yac ry la te  before the  low res is tance 
developed. The p o l y a c r y l i c  a c i d  s a l t s  which formed dur ing  
hyd ro l ys i s  remain d i s t r i b u t e d  through the  coa t i ng  f i l m ,  
u n l i k e  p o l y a c r y l i c  a c i d  s a l t s  added t o  the  wet coat ings. 
P o l y a c r y l i c  a c i d  s a l t s  added t o  b u t y l  l a t e x  formulat ions 
would be expected t o  remain i n  t he  water phase du r ing  f i l m  
format ion,  and thus be poo r l y  d i s t r i b u t e d  i n  t he  coat ing. 
Po lyacry la te  es ters ,  on the  o the r  hand, a re  much more com- 
p a t i b l e  w i t h  b u t y l  rubber than w i t h  water and remain i n t i -  
mately mixed i n  the  coat iny ,  w h i l e  po l yac ry la te  s a l t s  
concentrate i n  t he  water phase du r ing  d r y i n g  and f i n a l l y  
form aggregates separate from t h e  b u t y l  rubber. To reduce 
the  e l e c t r i c a l  res is tance o f  b a r r i e r  coat ings,  conduct ive 
paths must extend completely through the  coat ing.  This was 
achieved w i t h  the  po l yac ry la te  emulsions. 
The use o f  po l yac ry la te  emulsion i n  p lace  of the  P l a s t o l e i n  
i n  K-40 d i d  n o t  completely e l im ina te  b lock ing  tendency o f  the  
coz t ing .  'For  best  r e s u l t s ,  a  re lease 1  i n e r  wound i n  the 
product ion  r o l l s  i s  s t i l l  requi red.  Fur ther  improvement i n  
t he  b lock ing  tendency was obta ined by rep lac ing  a  p o r t i o n  
o f  t he  BL-100 b inder  w i t h  an ethy lene ionomer r e s i n  i n  com- 
b i n a t i o n  w i t h  a  very s o f t  po;yacrylate. The l a t t e r  was used 
t o  c o n t r o l  a  tendency o f  t he  coa t i ng  to crack  along sharp 
f o l d s  when formulated w i t h  the  ionomer. A t y p i c a l  system 
o f  t h i s  type, K40C, was app l i ed  on a 24-inch coater.  The 
rec ipe  i s  g iven i n  Table X I V .  Sheets coated w i t h  K40C 
were much improved i n  b lock  res is tance,  and had very low 
volume r e s i s t i v i t i e s .  Values o f  8  ohm cm were achieved. 
Coating work on the  24-inch coater  was a l s o  done us ing a  
then commercially a v a i l a b l e  asbestos sheet, Mannitemp 111, 
made w i t h  some glass f i be rs  and a c r y l i c  b inder .  The asbestos 
was an e l e c t r i c a l  grade f i b e r .  Using the  K40C formulat ion,  
t h i s  substrate was success fu l l y  coated. The f i r s t  coat was 
app l i ed  by a  n ip - fed  reverse r o l l  technique and the  second 
coat  app l ied  by the rod-coat ing method. The coated mater ia l  
made t h i s  way was sampled t o  NASA as KFF40C (D-1850-130H). 
I t  performed s a t i s f a c t o r i l y  i n  c e l l  t es t s .  (See Table X I ,  
K40C on Mannitemp 111). This  separator e x h i b i t e d  cyc le  
l i f e  equ iva len t  t o  the  o r i g i n a l  so lvent  base K19W1 made by 
NASA. It had a  much lower r e s i s t i v i t y  than K1.9Wl. 
A l l  o f  the  coat ing  work on asbestos was r e s t r i c t e d  t o  the  
14-inch o r  24-inch machines, where the p o t e n t i a l  hazard 
w i t h  asbestos was l i m i t e d  t o  a  c a r e f u l l y  c o n t r o l l e d  area. 
Concurrent ly,  saturated c e l l u l o s i c  paper and nonwoven 
polypropylene mater ia ls  were run  on a  l a r g e  65-inch pro- 
duc t i on  coater.  
TABLE XIV. FORMULATION OF K-40C COATING 
Dry Parts 
Pigment Dispersion: Water to 65% 
Tarn01 731 
Cab-0-Sil M5 
Cal ci urn Zi rconate 










Type 5-47971 (Table 111) a  sa tura ted  c e l l u l o s i c  paper, was 
used as a  s u i t a b l e  base f o r  aqueous b u t y l  l a t e x  b a r r i e r  coat  
ings. Four formulat ions were app l i ed  -- a l l  by rod  coa t i ng  
( c f .  Table XV) ,  and the  coated sheets coded w i t h  C-numbers as 
l i s t e d  i n  the  tab le .  Each of these coat ings behaved s a t i s f a c -  
t o r i l y  on the  coater.  Coat weights c lose  t o  the  t a r g e t  o f  
60 g/m2 per  coat  were obtaincd. Spreading and d ry ing  were 
s a t i s f a c t c r y ,  b u t  again a  re lease l i n e r  i s  requ i red  t o  c o n t r o l  
b lock ing  i n  f i n i s h e d  r o l l s  o f  separator  ma te r i a l .  Results o f  
cyc le  l i f e  t e s t s  f o r  C-47972 a re  shown i n  Table X I .  
The f i r s t  at tempt t o  coat  wet tab le  polypropylene on t h e  
l a rge  product ion machinery was n o t  successful .  The problem 
was coat ing  pene t ra t i on  and draw con t ro l .  The l a t t e r  caused 
coa t i ng  cracks because o f  the  s t re t chab le  nature o f  t he  poly-  
propylene substrate. On a  repeat  t r i a l  the coat ing  v i s c o s i t y  
was ra i sed  and the  coa t i ng  pene t ra t i on  was success fu l l y  con- 
t r o l l e d .  C-49146 and C-49145 were made from 30 and 45 g/m2 
polypropylene webs respec t i ve l y ,  w i t h  t h e  h igher  v i s c o s i t y  
coat ing.  Fine cracks running t h e  cross-machine d i r e c t i o n  
were formed caused by t e n s i l e  s t resses t ransmi t ted  t o  the  
coat ing  by the  forces p u l l i n g  t h e  web through the  coater.  
These can be cor rec ted  by f i n e r  tens ion  con t ro l s  on the  
coater  o r  by us ing  a  c a r r i e r  b e l t  through the  dryer .  The 
l a t t e r  has been success fu l l y  demonstrated on the  smal ler  
14- i  nch coater.  
The e f fec t iveness  o f  Kraton G as a  b inder  i n  so lvent  coat ings 
w i t h  no b lock ing  problems would make i t  an a t t r a c t i v e  b inder  
f o r  aqueous coat ing  i f  i t  were a v a i l a b l e  i n  emulsion form. 
As Kraton was n o t  a v a i l a b l e  as an emulsion, a  program t o  pve- 
pare a  usefu l  emulsion from d r y  Kraton was es tab l ished as an 
a l t e r n a t i v e  t o  the  blocking pvoblem o f  h u t y l  rubber l a t e x  o r  
t h e  h igh  cos t  o f  t he  s thy lene~propy lene  rubber l a tex .  By d i s -  
so l v ing  the Kraton i n  a ar'nlmum o f  to luene and emuls i fy ing  the  
so lu t i on ,  stab1 e emulsions were develaped. Because Kraton emul- 
sions were found no t  t o  goalesee we71 on dry ing,  a  combination 
o f  equal p a r t s  o f  Kra'kon C and a s8 tura ted  a l i c y c l i c  hydrocarbon 
res in ,  Arkon P-85, was used, TI143 combination has e x c e l l e n t  
ox ida t i on  res is tance w h i l e  p r o v i d i n g  improved pigment b ind ing  
a b i l i t y .  S u b s t i t u t i o n  o f  t h i s  p l a s t i c i z e d  Kraton (Table X V I )  
f o r  b u t y l  rubber v i r t u a l l y  eliin3i?,ated b lock ing  problems, w h i l e  
t he  e l e c t r i c a l  res is tance o f  t h e  coat ings remained equivalent ,  




Dispersion Cal c i  urn Z i  rconate  142 142 - - 
Cab-0-Sil M-5 4.8 4 .8  r - 
Tarn01 731 0.29 0.29 7 , O  1 .O 
P l a s to l  e i  n 9750 47 - 9- - 
Nyad 400 - - 100 100 
Total so l  i d s  of coat ing  (%) 
Formulations expressed i n  dry p a r t s  by weight.  
TABLE X V I .  KRATON EMULSION 
EEL - Wet 
P a r t  A: Kraton 61650 100 100 
Arkon P-85 100 100 
To1 uene 200 200 
Igepal  C0-887 4 5.7 
A f t e r  P a r t  A has been d i sso l ved  t o  a homogeneous 
so lu t i on ,  t h e  water was added s lowly  w h i l e  t he  
viscous s o l u t i o n  was s t i r r e d  v igo rous l y  by an 
Eppenbach Homo-Mixer. 
Water t o  30% a c t i v e  251 
Elvanol 71-30 (10%) 1 10 
Aqueous l(172 pignierit systems w i t h  t h e  Krator i  emuls ion (Table 
X V I I )  were a p p l i e d  t o  nonwoven po lyp ropy lene  and t o  BTA. A 
s i m i l a r  c o a t i n g  c o n t a i n i n g  o n l y  w o l l a s t o n i t e  pigment was 
a p p l i e d  t o  a  sa tu ra ted  c e l l u l o s e  sheet and t o  nonwoven 
po lypropy lene.  I n  t h i s  a p p l i c a t i o n  t he  14- inch  coa te r  
was used i n  t h e  same manner as p rev ious  aqueous coa t i ng .  
Some c o l l o i d a l  i n s t a b i l  i t y  was observed d u r i n g  t h i s  s e r i e s  
o f  runs and f u r t h e r  development w i l l  be r e q u i r e d  t o  assure 
r unn ing  o f  t h i s  system on a  l a r g e  coa te r .  Yardage f rom 
these  runs was sampled t o  NASA i n  March, 1980. Resu l t s  o f  
c y c l e  t e s t s  o f  aqueous K172 on BTA and 45 g/m2 PP a r e  g i ven  
i n  Table  X I .  Ttie law c o s t  f o r m u l a t i o n  c o n t a i n i n g  t h e  wo l l a -  
s t o n i t e  f i l l e r  i s  shown i n  Table  X I  as Nyad on c e l l u l o s i c  
paper and t h e  PP subs t ra tes .  Only t h e  aqueous K172 on BTA 
(es t imated  245 cyc les )  i s  comparable t o  t h e  o r i g i n a l  K19W1 
standard i n  ternis of c y c l e  l i f e .  
IV .  Separator  Eva1 u a t i o n  i n  Nickel-Cadmi um C e l l  s  
Some m a t e r i a l s  developed under t h i s  c o n t r a c t  were eva lua ted  
as separa to rs  i n  nickol-cadmium (Ni/Cd) c e l l  s. 
The K143B and K143C f o r n ~ u l a s  shown i n  Table  V I I I  were developed 
f o r  Ni/Cd eva lua t ion .  These coa t i ngs  were a p p l i e d  t o  a  Kimberly-  
C l a r k  noriwoven po l yp ropy l  ene subs t ra te .  Ttie separa to rs  had low 
r e s i s t i v i t y  and low bubble pressure.  However, a f t e r  about 600 
c y c l e s  o f  t e s t i n g ,  t h e  end o f  charge v o l t a g e  was i n c r e a s i n g  
( > I ,  6 v o l t s )  and end o f  d i scharge  vo l t age  dropped below 
one volt,. The t e s t s  were te rm ina ted .  T h i s  i s  con t ras ted  t o  
t e s t s  r u n  on t h e  coa t i ng  base f o r  t h e  above, a  K in iber ly -Clark  
45 g/m2 nonwoven po lyp ropy lene  (S-49024) t r e a t e d  f o r  pernianent 
w e t t a b i l i t y  which was s u c c e s s f u l l y  t e s t e d  i n  sub-C s i z e  (one 
ampere-hour) Ni/Cd c e l l s .  I n  t he  l a t t e r  case, s i x  c e l l s  have 
been on t e s t  s ince  May, 1980. The t e s t  regime i s  a  1 .5  hour 
c y c l e ;  one hour  o f  charge, 0.5 hour  d ischarge.  Depth o f  d i s -  
charge i s  25%. Overcharge i s  1  i n i i t e d  t o  20%. These c e l l s  
have completed more than  6000 cyc les .  Performance i s  s i m i l a r  
t o  o t h e r  commercial ny lon  and po lyp ropy lene  separa to rs  used 
by  N i  /Cd c e l l  manufacturers.  
A f i n a l  goal  o f  t h i s  c o n t r a c t  was t o  demonstrate commercial 
p roduc t i on  f e a s i b i l i t y  a t  a  c o s t  t h a t  would p r o v i d e  a  p r i c e  
which would be a t t r a c t i v e  t o  l a r g e  volume b a t t e r y  p roduc t ion .  
P r i c e s  o f  t h e  w i d e l y  d i f f e r e n t  designs a re  dependent on t ype  
f o rmu la t i on ,  s o l v e n t  versus aqueous, t ype  subs t ra te ,  i n  
a d d i t i o n  t o  volume and p r o f i t  r equ i r ed .  
K172 Pigment D ispers ion :  Water t o  55% T.S. 
- Potassium S a l t  o f  Gulf PA-18 1 
Cal c i  urn Z i  rconium S i  1 i ca te  116.3 
P-25 T i02  20 
E l  van01 71 -30 5 
Coat ing: Pigment D ispers ion  142.3 
Strodex PK90 0.5 
50:50 Kraton 61650: 
Arkon P-85 Emulsion 40 
P l  as t o 1  e i  n 9750 ( pre-emu1 s i f i ed) 16 
Low-Cost P i  gment Forniul a t i  on 
P i  gment Di  spers i  on : Water t o  60% T. S.  
Potassium S a l t  of G u l f  PA-18 1 
Nyad 400 (Calcium S i l i c a t e )  100 
E l  van01 71 -30 5 
Coat ing: Pigment Di  s r e r s i o n  200 
50:50 Kraton 61650: 
Arkon P-85 Emulsion 100 
St rodex PK90 0.525 
, 1 Formulat ions expressed as d r y  p a r t s  by weight .  
Typical pr ice  levels  f o r  a barrier-coated product on a 
polypropylene or ce l lu lose  subst ra te  would be as follows: 
Pr ice ,  $ per Square Yard (1 
Aqueous Designs 1.20 - 1.65 
Solvent Designs 1.45 - 1.90 
( ' ' ~ased  on 1981 raw material and production costs  
fo r  100,000 square yard arnounts. 
Prices f o r  the same designs on a fuel c e l l  grade asbestos 
design would be s ign i f i can t ly  higher due t o  the  l imited 
ava i l ab i l i t y  of t h i s  type asbestos as well as undetermined 
addit ional  costs  of processing environmentally unacceptable 
asbestos. Use of fuel ce l l  grade asbestos would be expected 
t o  add over $1.25 per square yard fo r  raw material alone t o  
the above prices.  
As a f ina l  note t o  fur ther  a id  the  reader,  the  authors 
have requested NASA t o  provide comparative r e su l t s  o n  other 
separators evaluated in nickel-zinc ba t t e r i e s .  This infor- 
niation i s  summarized in Appendix 0 .  
SUMMARY OF RESULTS AND CONCLUSIONS 
The work t o  produce improved ve rs i ons  o f  t h e  NASA i no rgan i c -  
o rgan i c  ( I / O )  separa to r  m a t e r i a l s  and make commercial p repa ra t i ons  
was moderate ly  success fu l .  
A s i n g l e - p l y  asbestos s u b s t r a t e  was made, e l i m i n a t i n g  separa t ion  
a l o n g  p l y  l i n e s .  The b e a t e r - t r e a t e d  asbestos sheet  (BTA) has 
p r a c t i c a l  a p p l i c a t i o n  as a  c o a t i n g  base. I n  t h i s  case, a  s t ~ o n g e r  
s u b s t r a t e  i s  des i r ed  and t h i s  shou ld  be achieve w i t h  t h e  use o f  
v i r g i n  f i b e r .  Two a l t e r n a t i v e  c o a t i n g  base subs t ra tes  have a l s o  
been demonstrated t o  have a p p l i c a t i o n ;  one a  sa tu ra ted  c e l l u l o s i c  
shee t  and t h e  o t h e r  a  nonwoven po lyp ropy lene  web t r e a t e d  f o r  
w e t t a b i l i t y .  
So l ven t  coa t i ngs  developed a t  NASA and mod i f i ed  b y  K imber ly-Clark  
have been a p p l i e d  t o  each o f  t h e  above subs t ra tes  on a  smal l  p ro -  
d u c t i o n  c o a t e r  i n  s p i t e  o f  t h e  tendency t o  develop cracks.  The 
c racks  r e s u l t  from t h e  f a s t  removal o f  t h e  s o l v e n t  i n  t h e  d r y e r  
even a t  ambient temperatures.  The c o n t r o l  coa t i ng ,  K19W1, was 
l e s s  prone t o  c rack  t han  t h e  newer NASA fo rmu la t i ons ,  b u t  had an 
u n d e s i r a b l y  h i gh  res i s t ance .  The newer f o rmu la t i ons  con ta ined  
vevy f i n e  p a r t i c l e  s i z e  f i l l e r s  c l o s e  t o  t h e  pigment volume con ten t  
o f  e a r l i e r  NASA coa t i ngs  which used l a r g e r  p a r t i c l e  s i z e  f i l l e r s .  
The tendency t o  develop micro-cracks on d r y i n g  i s  an i n d i c a t i o n  o f  
inadequate b i nde r  t o  form s t r o n g  f i l m s .  
Aqueous coa t i ngs  p a t t e r n e d  a f t e r  t h e  so lvent -based f o rmu la t i ons  
were developed us i ng  b u t y l  l a t e x  as t h e  b inder .  These coa t i ngs  
were a p p l i e d  a t  h i g h  s o l i d s  and o f f e r e d  s u b s t a n t i a l  c o s t  r e d u c t i o n  
ove r  t h e  s o l v e n t  coa t ings .  A r e l ease  l i n e r  w i l l  be necessary 
w i t h  t he  manufacture of these b a r r i e r  separators .  The b u t y l  
l a t e x  has an i : i he ren t  t ack i ness .  Problems w i t h  c o a t i n g  f l aws  
caused by foam a re  c o n t r o l l e d  by  use o f  m u l t i p l e  coa t ings .  
The use o f  p o l y a c r y l a t e  polymer a d d i t i v e s  i n  p l a c e  of P l a s t o l e i n  
p rov i ded  improved low e l e c t r i c a l  r e s i s t a n c e  w i t h  s u b s t a n t i a l l y  
l e s s  b l ock i ng .  It must be emphasized t h a t  t he  b l o c k i n g  i s  i n h e r e n t  
t o  t h e  na tu re  o f  t h e  b i nde r .  The use o f  e thy lene-propy lene rubber  
l a t e x  e l i m i n a t e s  t h e  b l o c k i n g  d i f f i c u l t y ,  b u t  a p p l i c a t i o n  o f  b u t y l  
l a t e x  i s  prompted by economic cons ide ra t i ons .  
The s o l v e n t  coa t ings  bound by Kra ton  t he rmop las t i c  elastomer do 
n o t  b lock.  The development o f  a  Kra ton  emulsion system was success- 
f u l .  Some c o l l o i d a l  problems were exper ienced w i t h  these Kra ton  
emuls ion coa t ings ,  mos t l y  t h e  r e s u l t  o f  t h e  low mo lecu la r  we igh t  
P l a s t o l e i n .  Whi le no p r o d u c t i o n  runs were made w i t h  t h e  l a t e s t  
improvements i n  t h e  c o a t i n g  f o r m u l a t i o n s  bound by  Kraton,  they  
a r e  b e l i e v e d  t o  be coa tab le .  
Several commercially preparcid solvent-base coated asbestos 
separators exhibited better performance and cycle life than 
the K19W1 standard as test by NASA. Cellulose and nonwoven 
polypropylene as a replacement for asbestos showed little 
or no improvement in cycle life; nevertheless nonwoven poly- 
propylene, a permanently wettable Kimberly-Clark product showed 
cell lives in excess of 6,000 cycles when used as an absorber 
in nickel-cadmium cells. The water-based coatings showed accept- 
able separator properties on the three substrates, but the cycle 
life was not improved over the solvent coating systems. 
From the standpoint of producing a commercial product, the use 
of asbestos is unacceptable. The use of toluene solvent is both 
expensive and environmentally unacceptable without proper solvent 
recovery equipment. Although water-based coatings on cellulose 
paper or polypropylene webs are acceptable from the production 
stacdpoint, they do not represent an improvement over solvent- 
base coatings. 
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A P P E N D I X  
APPENDIX A 
NASA Procedure 
DETAILS OF Ni /Zn  SEPARATOR EVALUATION TESTS 
The separator materials  were evaluated in 7 .2  ampere-hour njckel- 
z inc  (Ni/Zn) c e l l s .  The c e l l s  contained a negative t o  posi t ive  
r a t i o  of about 3 t o  1. The c e l l s  contained 4 N i  e lectrodes and 
2 Zn  electrodes w i t h  a + - ++ - + configuration;  t h a t  i s ,  a 
double posi t ive  electrode i n  the middle. The electrode dimensions 
were 7.3 cm x 9.4 cm (68.6 cm2). The N i  e lectrodes were bagged 
in uncoated asbestos while the  Z n  electrodes were bagged in the  
t r i a l  separator with coated s ide  out. The cycle regime was a 
50% DOD t e s t  (8 hours - 6 hours charge - 1.9 hours discharge) 
3 cycles per day. Once per day an 18 minute open c i r c u i t  stand 
occurred. The amount of overcharge was l imited t o  l e s s  than 5%. 
The e l ec t ro ly t e  level was maintained near 1/2" from the  top of the 
separator bags. The c e l l s  were i n i t i a l l y  sealed. The seal was 
broken only i f  e lec t ro ly te  or  water was added. The e lec t ro ly te  
used was 35 weight percent KOH. 
The charge-discharge was performed through a s e t  res is tance  which 
once adjusted t o  provide proper values (1.8 amps discharge, 0.63 
amp charge) was not changed. The separator on the  Z n  electrode 
w i t h  asbestos on the  Ni electrode would reach 1.90-1.92 V a t  the  
end of charge. One vol t  was used as the cutoff  voltage on discharge. 
When the one vol t  value was reached, the c e l l s  were removed from the 
t e s t  r i g ,  the capacity remained was determined, and the  ce l l  recharged. 
Procedure: 
Dip each edge of the  half-bags in to  an acrylic-acetone solution.  
This procedure i s  repeated 5 times per edge. For 5% Kraton i n  
Toluene, only 1 dip i s  required. Depth of Application i s  such 
as  t o  form an untreated "window" s l i gh t l y  l a rger  than the electrode 
which i s  l a t e r  t o  be placed between 2 half-bags. The wet product 
edges a r e  allowed t o  dry upon a pedestal of some s o r t  i n  contact  
w i t h  the center ,  undipped portion. 
P u t  the dry edge-dipped product, non-coated surface face up, 
upon a clean sheet  of paper. Position an e lect rode on the  surface 
so t h a t  i t s  s ides  a re  equidis tant  from the  edges. The bottom 
margin of the electrode should l i e  more than 1/4 inch from the  
1 ower edge. 
C u t  a s t r i p  of 1/8 inch th ick ,  1/4 inch wide foam tape from i t s  
r o l l .  The cut  sample should be somewhat longer than the sum of 
3 sides o f  the  separator ( 2  long, p l u s  1  s h o r t  s ide).  Place the  
foam, s t i c k y  sur face down, upon a  p iece o f  Tef lon.  P o s i t i o n  a 
shor t  s i de  o f  some ob jec t  i d e n t i c a l  i n  shape and dimension L? 
t h a t  o f  t he  ha l f -bag aga ins t  the  tape, so t h a t  the  tape t o  e i t h e r  
s ide o f  the  o b j e c t  i s  longer  than one long s ide  o f  the  l a t t e r .  
Mark t h e  2 p o i n t s  a t  which the  o b j e c t  toeches the  tape, l i f t  
the tape from t h e  Tef lon and c u t  "V" shapes ou t  o f  t h e  tape so 
t h a t  t h e i r  sp l i ces  l i e  about 1/4 o f  the  way i n t o  the  tape on 
the spots fo rmer ly  occupied by the  marks. Now p o s i t i o n  the  tape, 
s t i c k y  sur face down, along 2 long and 1  s h o r t  margins o f  the  
separator i n  such a  way as t o  a l l ow  the  elecLrode t o  f i t  snugly 
as t o  make i t  impossible t o  move t h e  e lec t rode i n  o r  ou t  o f  the  
"margined" ha1 f-bag. This  opera t ion  i s  bes t  performed by f i r s t  
l a y i n g  t h e  tape down upon one sho r t  edge o f  t he  bag, each "V" 
cu t -ou t  l y i n g  on i t s  respect ive  separator corner ,  then bending 
the tape around one corner and along a  separator long margin. 
The bending and p o s i t i o n i n g  along the  second long margin then 
fo l lows.  I n  each instance, some pressure should be app l i ed  
against  the  re lease sheet surmounting the  tape, thus enabl ing 
the sticky-down surface t o  adhere t o  the  separator margin. 
Push the  e lec t rode aga ins t  the  tape running along the  sho r t  margin, 
p u l l  t h e  re lease sheet from i t s  upper sur face and p lace a  second 
half-bag, non-coated s ide  face down, over t he  o r i g i n a l  one so t h a t  
the edges o f  each are super-imposed one upon the  o ther  as p e r f e c t l y  
as i s  possib le.  Press down upon t h e  margins o f  the  second hal f -bag 
so t h a t  they adhere t o  the  foam. Place a  r i bbon  o f  t h i n  t i s s u e  
paper on top o f  the  exposed foam sur face and press down t o  make 
i t  adhere. Cut away most o f  the excess q u a d r i l l e  paper. 
CONSTRUCTION OF SEPARATOR BAGS FOR ALKALINE CELLS 
M a t e r i a l  s Required: 
Acry l i c -ace tone  s o l u t i o n  f o r  AgJZn c e l l s  (PPO based separator )  
5% Kraton G-1650 s o l u t i o n  i n  Toluene f o r  Ni/Zn c e l l s  (Kraton 
based separator )  
Asbestos separa to r  p ieces  (ha l f -bags)  
Pedestal  s 
E lec t rodes  
Q u a d r i l l e  paper 
Po lye thy lene  foam tape (1/8" t h i c k  x 1/4" wide) 
Sc issors  
Razor b lade  
T e f l o n  sheet (approx imate ly  4" x 14") 
T e f l o n  sheet (ha1 f -bag s i z e )  
Marker, b l a c k  o r  r e d  
T issue  paper (approx imate ly  3/8" x 5") 
F l a t ,  heatab le sur faces ( a t  l e a s t  6" x 1Q") 
7 I b .  weights  (approx imate ly)  
Constant temperature oven 
APPENDIX B 
Comparative Tests o f  Other Separator Ma te r i a l s  
A t  t he  request  o f  Kimberly-Clark, t h e  in fo rmat ion  i n  t h i s  appendix 
was prov ided by NASA so the  reader would have some comparative re-  
s u l t s  on o ther  separators which have been evaluated i n  Ni/Zn bat-  
t e r i e s  by NASA. The r e s u l t s  should a i d  i n  p u t t i n g  the  mater ia ls  
o f  t h i s  r e p o r t  i n t o  perspect ive.  
F igure  B-1 shows r e s u l t s  o f  cyc le  l i f e  t e s t s  o f  var ious commercial 
and developmental mater ia ls  which were avai 1 ab le  from 1976 through 
1980. The data i s  normal ized t o  r e f l e c t  constant  load discharge 
as discussed on page 27. The cons t ruc t i on  d e t a i l s  o f  the  t e s t  c e l l s  
a re  described i n  Table B - I .  The r e s u l t s  show t h a t  t he  Kimberly-Clark 
commercially prepared ma te r ia l s  are f o r  the  most p a r t  a t  l e a s t  equi-  
v a l e n t  i n  cyc le  l i f e  t o  o ther  separator concepts. The Kimberly-Clark 
commercially prepared ma te r ia l s  are between the  K19W1 NASA standard 
and the  NASA K143 separators. The l a t t e r  represented an advance i n  
t h e  NASA I / O  separator.  The K177TP on c e l l u l o s e  paper and polypropy- 
lene appear t o  be an improvement over commercial mater ia ls  and on a 
pa r  w i t h  K19W1 w i t h  regard t o  cyc le  l i f e .  
F igure  B-2 i s  inc luded t o  p rov ide  the  reader w i t h  an example o f  com- 
p a r a t i v e  performance data on th ree  separators; t he  K19W1 standard, 
t he  Kimberly-Clark water base KN40A on c e l l u l o s e  paper substrate,  and 
a s t a t e  o f  the  a r t  design c o n s i s t i n g  o f  3 dual layers  o f  cellophane- 
Celgard. The l a t t e r  combination was developed f o r  t he  A i r  Force f o r  
a remote p i l o t l e s s  veh ic le  (RPV) app l ica t ion .  These separators were 
evaluated i n  300 Ampere-hour n i c k e l - z i n c  c e l l s  b u i l t  f o r  eva lua t ion  
i n  e l e c t r i c  vehic les.  The vo l tage  vs amp-hr capac i ty  curves show 
t h e  improvement i n  r e s i s t i v i t y  o f  t he  KN40A when compared w i t h  the  
K19W1. The midpoint  vo l tage ( a t  150 amp-hr) o f  KN40A i s  120 m i l l i -  
v o l t s  h igher  than the  K19W1, and i s  equ iva len t  t o  the combination 
of commercially a v a i l a b l e  products. 
FIGURE 8-1 
CYCLE LIFE COMPARISONS 
OF COMMERCIAL & DEVELOPMENTAL MATERIALS , 
KIMBERLY - CLARK PRODUCTION RUNS WITH 
NASA PRODUCTION BATCHES 
8 Amp- Hr. Ni / Zn Cells 
3 Cycles / Day i 50 % DO D 
2 H:. Sisckarge C /4 Rate 
K168 PG 
K 172 G 
K172 PG 
KG 192 
K 177 TPN 
K177 TPR 
I I NASA PRODUCTION BATCHES ( SOLVENT) I 
CYCLES 
TABLE B-1 















N i  Electrode Zn Electrode Suppl i e r  
BTA AMGT2 (10 mils) Amerace Corporati on 
BT A DALKASEP (1 layer) W. R .  Grace 
BTA DURMIIC (1 layer) W. R. Grace 
BT A PlOlO (2 wraps) RAI 
BTA EATH 2016 ( 2  wraps) SAC Membrance Products 
BTA 
Pel lon 










Celgard 3400 (2 wraps) 
Cel lophane ( 5  wraps) 
K168 (solvent) on BTA 
K172 (solvent) on BTA 
K172 P (solvent) on BTA 
K172 (aqueous) on BTA 
K177 TP (solvent) on 
cellulose 
K177 TP (solvent) on poly- 
propyl ene (S-49024) 
K19 W1 (solvent) on 
asbestos (2% PPO) 
K143 (solvent) on 











FIGURE 8 - 2  
DISCHARGE VOLTAGE vs AMPERE - HRS, 
300 Amp - Hr Ni / Zn Cells 
C / 4  Rate ( 75 Amps ) 
- 
- 
0 K 19WI Original I /O  Separator ( 1976) 
A KN 4 0 A  impmad I /O Separator ( 1978) 
- Cl Store Of The Art Design - Cellophane + Celgard ( 1978) 
- 
AMPERE - HOURS 
